Concentrating Photovoltaic (CRYV)
R& D

Allan Lewandowski

Concentrating Solar Pewer (SSE); Peer Reviiew,
INevemler 7, 2001




Why CPV/?

® CPV offersan exciting new tunity to apply new cell

technology as a viable alternative to dlShT;fI rling engines

® CPV advantages
— potential for >40% cell efficiency. in.the long term (25% nowy

no moving parts

noe.intervening-heat-transfer surface

near-ambient temperature eperation

no thermal mass, fast response: annual ~ peak efficiency
— concentration reduces,; cost: of; cells relative te Gptics

— Scalalhle'te arange of: Sizes

o_\/areus configuratiens pessihle
argeirefiectiverdisn witiidense-packediarray.
— Multiple; singlecelllcaoncentratars; (refiective ar refractive)




Existing industrial examples

o 20 kW Mark 1 (19%)
e ¢ 25 kW Mark 3 (130 m?)

—=

=z~ =4 « Sunpower Si cells

~+ Clam $4/W installed system cost today

Amonix
25 kW MegaM odule™ i
5 kW Fresnel-based modules
High efficiency Si cells
500 kW planned for APS
16% average AC efficiency




Current Activities

® Flux uniformity
— Uniform flux maximizes system performance

* more important for dense-packed arrays
« wired in series, cell with lowest flux drives array output

® Recaver development

— Improvements.in current dense-packed arrays
 packing factor and packaging

e thermall control
— |[Anoevative new, designs

¢ System development
— L,TekaPSQkWﬁrsh




Flux Uniformity Status

® Fvaluated and documented subcontracted
analysis for reflective-dishes with-dense
packed arrays

— PDuke-Saolar.

o refractive secondaries
— @pticallResearch Associates

s reflective secondarnes, prmary shape moedificatior

® Plenty. of good 1deas lbut will needito wait

until pregrammatic funding Issues reselved




Duke Solar

Flux Map
Pyramidal TIR Optical Mixer
Normalized to Peak Flux

Refractive iR mixer Unitermity results




Optical' Research Associates
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Sensitivity to Changing Length of Secondary Tube




Recelver design status

® Solicitation for 1. kW-modules

— AMmonixX (current technology, robust cells)

« Dense-packed Si array, module packaging, water cooling, moving
orward with hardware

— Spectrolalghigh efficiency-future, more developmental)

o Dense-packed multi-junction array, moedule packaging, water
cooeling, move to hardware this Y-

— United Innoevationsvery high efficiency: potential, highest risk)
o Unique cavity design using multiple cells, selective filters, move to

resting off medulies at HESE
— [Designed/fanricating|a secendarny te deliver: unifer flux




Amonix Dense-Packed Array

@uad aray delivered to/Ciek




Spectr.olab Dense-Packed Array
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nited Innovations Concept

—
PVCC Cavity ~
~ \ )

Diffuse Refl ector

\

External Forced
Lliquid Coaling
(N ot Shown)

Coadl i'/ng Cails
(Nat -Shawn)




econdary for CPV Testing at HESE
"
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System Development Status

® CTekdishinstalled at NREL
— Dish, drive, controller in September
— Array, secondary, sun sensor. expected Decembel;
— APS trailer to follow

® Current test activities
— [DIsh facet alignmen

— Elux mapping of; primary
Planned tests Wi, i,

= rl—r‘n?pﬁnzrdfmﬁar

— Alray periermance " ﬁ‘e";‘{g‘:“

® SAIC Dish redesign
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SAIC Dish
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demonstiaiien|planned Lallieredier @Y,




Opportunities and l'ssues

BT T GRS SR e RS RS
® |ntegra mmpmentsmtmmpmvedystems
® Demonstrate performance and reliability

® Scaeupto Iarger SPAES

Should continue a range of conceg

— Mu tlple mini-cencentratars

Innovatlve receiver designs
— Expanditiermallcontrolfactivitie

s apply Rew technelegy: te coehng ol arrays




